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ABSTRACr

In applications of phased array antennas for limited scan, sub-array

scheaes prove tto be useful in reducing costs and space. 1,2 An investigation

of two such techniques, namely the space fed lens and a constrained feed

system were conducted.

Radiation patterns for a flat space-fed lens have been obtained and it

has been shan 1 that this system ccapares favorably in performance with the

spherical lens, the latter being more difficult and expensive to construct

in a space envircnment. Results on the effects of surface perturbations in

the lens and on techniques for phase correcting at the feed for these per-

turbations are presented.
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I. INTRODUCION

Many military and civilian applicaticns of phased array antennas

require less than full sector scan. Two general classes of sub-array
2

systems used for this purpose are : (1) an array near the focal point

of a lens or reflector and (2) a constrained feed system which suppresses

grating lobes.

The first part of this investigation will deal with one-dinensional

lens systems. Cmputer programs have been written to give results on a

spherical lens system (this system was previously studied by Borgiotti3

1and for a flat lens systemI . Antenna radiation patterns have been obtained

for both systems as a function of scan angle . The effects of mechanical

deformation of the flat lens surface are presented along with results on

one possible approach to correcting for these deformations by the feed

system. The technique involves introducing phase corrections at each of

the sub-array feed points. Results are presented on the improvement in

main lobe amplitude, beanwidth and first side lobe level as a function of

the amplitude of these deformations. The form of the deformation is as-

sumed to be sinusoidal with distance alng the array and results are given

also as a functions of the "frequency" of this sinusoid.



II. RESULTS ON THE ONE DIMENSICNAL LENS

Figure 1 shows the lens system analyzed by Borgiotti 3. A Bulter

Matrix is used to form multiple beams which are directed at the lens.

The source is "phase-focused" to the center of the lens which, in turn,

is focused at the center of the source. Ccnputer programs were written

to give results on this system as well as the flat lens systemI .

One of the possible difficulties with the space radar array involves

mechanical deformations in the flat lens surface. To investigate this

effect tbl carputer programs were modified so that either sine or cosine

surface deformations of arbitrary amplitude could be investigated. Figures

(2) and (3) show radiation patterns for peak-to-peak deformations (cosine)

of 0. X with a period of twice the lens length and 20 times the lens length,

respectively. Similar results for peak-to-peak deformation of A are shown

in Figures (4) and (5). However, in this latter case a mechanical period

of 20 results in an unusable pattern. Results are thus shown for a period

of 2 in Figure (5).

One of the possible advantages of the space fed lens concept involves

the possible correction for such deformations at the feed. This concept

was investigated in only a preliminary way. Assume that the sub-array func-

tions, Fn , at the output of the lens are known. If surface deformations,

Yn' at each element are assumed perpendicular to the lens face then the

radiation pattern is

in 11 + k + nkcosoP(OU) = n e n M ncs

where n

u = k d sin e
D = Md
d ", eement spacing



the case u 0 =0 with orthogonal f nis particularly simple

since

~f f * M(q - ~
p pq

which leads to

cg = -k Y cose

which is intuitively satisfying and samewhat obvious.

Figures (6) - (11) show results of applying this technique to a one

dime~nsional flat-lens system. This systemn has 107 radiating elements in

the lens and is fed by a focused array driven by a Bulter Matrix. Figure

(6) gives results on the amplitude of the main beam (in DB) of the radia-

tion pattern as a function of the amplitude of the mechanical deformationJ (normalized to wavelength) for unity mechanical "frequency". This cor-

responds to one cycle over the length of the lens. The lower and upper

points show the main beam amplitude without and with the appropriate phase

corrections at the sub-array feed points. Figure (7) gives results for

the amplitude (in DE) of the first side-lobe. The width of the main beam

as determined by the 3 DB points was also investigated. There was little

degradation and hence little correction was possible in this quantity there-

f ore Figure (6) is, to a reasonable approximation, an indication of the

gain improvmnt by this phase correction scheme.

Figures (8) and (9) show similar results for a mechanical "frequency"

of 5. The degradation in array performance both with and without phase

correction at the source is greater. Figures (10) and (11) show~ results for

a mechanical "frequency" of 10 and in this case the amount of degradation is

substantial and virtually no correction is possible. These results indicateI that as the mechanical "frequency" approaches or exceeds the numiber of sub--



Using notations similar to Dufort 4 we define

F n output to each antenna from a given sub-array input
with all sub-array driven and with no surface defor-
mations.

Fno FnMx 2.I

where

Zo = 1z koI e- uO

thus
U

P0(U) f n - MP, Zko e j r ~j
n P,

U

SZI z(u - u) )' F elp 
I

where the second factor is clearly the individual sub-array pattern. If

with surface deformations we let

'Z 2 = Z e3"z

So that a can be set to conpensate for these defornations then a similar

development yields
j( n )J.(u - uO) LZ'oIejN, eJkYn coso

(u) f 0,n - M c 0 .
n k

11 ' ejv(u - u) e p + M.OSO
=lf ej R u x 1zto I .Ne
p 2,

If, we expand the last term as follows:

e= nc1sa f*
q q n - Mqt

where 0 is the direction of the main beam
0

. . P

P(u) = I[z9o c3't Y a o f*
q f P ) - M(q -Z) e 3

and we wish to choose (A% so that

P(u) = 2o(uo)
0' 0,



* III. RESULTS ON THE TWO DIMENSIONAL LENS

Crputer programs were developed to calculate the radiation pattern

of the two dimensional lens with parameters equivalent to the one dimen-

sional lens of the previous section. Figures (12) - (15) show radiation

patterns for this case with no mechanical deformation of the lens surface.

These p atterns are obtained along the X-axis (0° ), along a 450 line to the

X and Y axis, along the Y-axis (90) and at 1200 to the x-axis. The patterns

along the X and Y axis corresponding to the one-dimensional lens case.r Figures (16-19) show similar results for the case when only one of the sub-

arrays is driven and again these results agree with the one dimensional case.

Figures (20) - (23) show patterns with mechanical deformation in both

U the X and Y directions of amplitude = 1 (normalized to wavelength) and of

mechanical "frequency" = 2. The pattern along the X and Y axis are as ex-

pected but the pattern at 450 shows a narrow side-lobe which is only about

10 DB below the main beam. This is a significant problem. Figures (24) -

(27) show results for the same deformation amplitude but at a mechanical
m0

frequency = 8. The pattern at 450 again shows a significant side-lobe, also

our preliminary investigations seem to indicated that applying the phase cor-

rection scheme at the feed does little to diminish this sidelbe and; yet,

the patterns along the X and Y directions show improvemnt consistent with

the one-dimensional case. This problem needs further study.

6
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arrays the performance of the array degrades rapidly with the aiplitude of

the mechanical deformations and more importantly, the technique of phase

correction at the feed is virtually useless. Clearly this can be used to

define the necessary mechanical properties of the lens structure.

" I
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FIG. 13 - RADIATITON PATERN AT 450 X-AXIS FOR m3 DIMENSIONAL LENS WITH NO
MECHANICAL DEFORWICN.
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FIG. 14 -RADIATIOtN PATIR ALON Y-AXIS FOR TWO D ICtNAL IESWITH NO
MECHANICAL DEFORMATICN.
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FIG. 15 - RADIATION PATTE AT 1200 7c X-AXIS FOR TWO DIMENSICNAL LEN S WITH NO
MEfClINICAL DEFORMATICN.
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FIG. 16 - EIf12Ar PAT'ERIN ALONG X-AXIS FOR T7M DIMEWINAL L&M WITH No MECANICAL
DEFORMATION.
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FIG. 17 - EL PATMEMN AT 450 M X-AXIS FOR TWO DIMWISIONAL LENS WITH NO
MFOJANICAL DEFORATICN.
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FIG. 18 - EL = PATIE AIMNG Y-)XIS FOR TW) DIMIONAL IM WITH NO MECMICKiL
DEFORMATION.
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FIG. 19 - E PATIE1M AT 1200 M X-AXIS FOR W DIMWIONAL L4S WI'1! No
MECMAICAL DEFORWIC....
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FIG. 20 - RADIATICN PATIMM ALONG X-AXIS Fat T110 DDNICNAL LES WITH APLI
OF MCX2ANICAL DE )IR1AZICtN 1 AN~D 148CHANIM "FTCUM1Y" rn2.
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FIG. 21 - RADIATION PATERN AT 450 TO X-AXIS FOR W3 DMI(NAIL LENS WITH AMPLIMEM
OF MCHANICAL DEFORMATION = ) AND IGXAWICAL "FRl3QJIEY" = 2.
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$ FIG. 22 - RADIATICN PATrERN AON Y-AXIS FOR 1M DIMICNAL IZ WITH AmpU=
MECHANICAL DEFOIRTION - 1 AND MECHANICAL "FrOQIDNCY" = 2.
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FIG. 23 - RADIATIoN PAT1m AT 120° TO X-AXIS FOR 7M) DIMENSIONAL MS WITH MI
OF MDMANICAL DEFOR4ATICN = 1 2ND MECHANICAL "FRSEW" = 2.-,-
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FIG. 24 - RADIATION PAM AtG X-AXIS FOR 7M DIENSIONAL LENS WITH MmDE OF
MEQANICAL DERMATIMN = 1 AND U4HANICAL "FREKJEN1C" = 8.
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FIG. 25 - RADIATION PATERI AT 450 TO X-AXIS FOR T DUGSICKAL LENS WITH ALIUDE
OF MECHANICAL DEORIATION = 1 AIM ECHANICAL "FREC" = 2.
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FIG. 26 - RADIATION PM'IERN ALC.4G Y-AXIS FOR TWO DDIE SIONAL I= WH WRAMP== OF,
MEOHAICAL DEEIFOA41TIM = 1 AND MECHANICAL "FREUENY" = 2.
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FIG. 27 RADATIcNt PAIL AT 1200 TO X-AXIS FOR TWO D}SICAL LENS WI . PLMI
OF MEMI1ANICAL DM'OMWAI(IN 1 A~ND MCHAICAL "FREWJECY" = 2.




